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INTRODUCTION
The subject of nanoscale semiconductor particles has been of great interest because of their novel properties and wide-ranged in technological applications. The interest derives from their unique chemical and transport properties which are significantly different from those of the bulk materials as a consequence of the confinement of electrons and the large number of surface atoms [1] . The energy band gap tunability of semiconductor nanoparticles -by changing their constituent stoichiometries-as a function of particle size is one of the most attractive characteristics. This is of critical importance, since one can achieve a wide range of optical and electrical properties from the same substance by only changing its size due to the quantum confinement effect [2] .
II-VI chalcogenide semiconducting nanocrystals have attracted attention because they have outstanding potential application due to their high photosensitivity, nonlinear optical and luminescence properties, quantum size effect and other important chemical and transport properties. Among group II-VI semiconductors, ZnS and CdS are particularly promising candidate because of their applications in solar cells [3] , nonlinear optical material [4] , luminescent material [1], optoelectronics [5] , and as antireflection coating for hetrojunction solar cells [6] . Introducing Zn into CdS form CdZnS alloy material, which has direct energy band gap that lies between about 2.4 to 3.7 ev in the bulk state at room temperature [7] [8] . Compared with the binary CdS and ZnS, ternary CdZnS is more promising material because of their tunable optical and electrical properties [8] [9] [10] . CdZnS alloy nanocrystals show unique composition-dependent properties different from those of their bulk counterpart and from those of binary CdS and ZnS nanocrystal [1, [11] [12] [13] [14] . This makes CdZnS suitable material for application as a buffer layer in copper-Indium-Gallium-Selenide based solar cells than CdS, since higher band gap (> 2.4 ev for CdS) will allow more short wavelength photons to reach the absorber layer and generate photocurrent, thus enhancing the efficiency of the solar cell [15] . CdZnS is also potentially useful as window material for the fabrication of p-n junctions [16] , lasers [17] and optical switches [18] .
Various methods have been employed to synthesize Cd 1-x Zn x S nanocrystals such as the mechanical alloying [14] , precipitate-hydrothermal [11, 19] , chemical precipitation [20] [21] , ultrasonic waves [22] , chemical vapor deposition [23] , coprecipitation [24] , sol-gel processing [25] , electrochemical deposition [26] and sputtering [27] . However, these methods are carried out under some special conditions such as isolation of oxygen, high temperature, toxic raw material, complicated equipment for preparation and high cost of equipment operation. Coprecipitation has been known as fast, easy, and large productive method to synthesize nanocrystals in the quantum confinement range. So, in the present work Cd 1-x Zn x S nanoparticles were synthesized using coprecipitation method.
Although many structural and optical properties of Cd 1-x Zn x S nanocrystals have been reported in the literature [11] [12] [13] , little has been done on the influence of thermal annealing on the structural and optical properties. Bhattacharjee et al [28] have studied the effect of annealing temperature on the structural and optical properties of Cd 1-x Zn x S nanoparticles in thin film form prepared by the sol-gel technique. Knowledge on the influence of thermal annealing on structural and optical properties might be essential in characterizing materials for specific technological application. The present experimental studies were undertaken to (i) provide measurements on the structural and optical properties of Cd 1-x Zn x S (0≤x≤1) alloy QDs at room temperature, (ii) investigate the effect of thermal annealing on the structural properties by the use of XRD, and (iii) study the annealing behaviour of optical properties with increasing annealing temperature.
Experimental

Synthesis of nano-Cd 1-x Zn x S samples
The co-precipitation method was used to prepare the Cd 1-x Zn x S nanomaterials. Cetyltrimethyl ammonium bromide ((C 16 H 33 )N(CH 3 ) 3 Br, PARK-Scientific Limited, 99 %) was used as a capping material (CTAB). To prepare series of Cd 1-x Zn x S (0≤x≤1) nanoparticles, 1 mmol of Zinc Chloride (ZnCl 2 ) was dissolved in 100 ml of distilled water. Similarly in a separate flask, 1 mmol of Cadmium Nitrate-4-hydrate (Cd(NO 3 ) 2 .4H 2 O, Riedel-de Haën, 99%) was dissolved in 100 ml of distilled water. These two solutions were mixed and stirred by magnetic stirrer. Then, 6.8 mmol of CTAB was added to the stirred solution. The Stirring takes place at 50 o C till it becomes colourless and clear. Then, the mixture was left to reach room temperature. In another flask, 1 mmol of Sodium sulfide 9-hydrate (Na 2 S.9H 2 O, Riedel-de Haën, 60-62%) was dissolved in 100 ml of distilled water, and then added to the former solution, drop by drop, under stirring at room temperature. During the reaction, changes in the colour of solution were observed. The colour changes from colourless to yellow orange for CdS. The strength of yellow orange colour decreases as Zn content increases and then becomes yellow white for ZnS. Then, the precipitate was left in the reaction vessel for 5 days. The precipitate was separated by centrifugation, washed several times with distilled water to remove residual impurities and then dried at 80
• C. Thus, Cd 1-x Zn x S powder was produced and grinded into fine powder using an agate mortar. The chemical reaction of sample formation occurs as follows:
The powder was used to record EDX and XRD spectra. For HRTEM measurements a drop of diluted colloidal solution was deposited on 200 mesh copper grid coated with carbon and left to evaporate at room temperature forming a layer of nanoparticles.
Structural Characterization
The elemental compositions of the prepared samples were investigated by Oxford link ISIS electron dispersion X-ray with scanning electron microscope (JEOL JSM-5400) operating at an accelerating voltage of 30 keV. The structural characterization of Cd 1-x Zn x S nanopowders was performed by Shimadzu XRD-6000 diffractometer operated at voltage 40 kV and current 30 mA. The radiation source used was monochro-3 matic CuKα1 radiation (λ= 0.15406 nm) with scan speed of 2 ˚ per minute and scanning angular range from 4˚ to 80˚. High resolution transmission electron micrograph (HRTEM) and selective area electron diffraction (SAED) patterns were taken by using JEOL® JEM-2100LaB6 HRTEM operating at an accelerating voltage of 200 kV and equipped with 4 mega pixel Gatan® CCD camera (Orius SC200B). UV-vis absorption spectra were collected with Lambda 45, Perklen, England. 10 mgm of each sample is dissolved in 25 ml of distilled water by using magnetic stirrer for UV-vis investigations.
RESULTS AND DISCUSSION
Energy Dispersive X-ray
The elemental compositions of Cd 1-x Zn x S nanopowder with different Zn content were investigated by the energy dispersive x-ray analysis. Figure 1 shows a representative EDX spectrum of Cd 0.5 Zn 0.5 S at room temperature indicating clearly that the product contains Cd, Zn and S with no significant impurities. Table 1 represents the quantitative analysis of the measured composition ratio Cd: Zn: S as well as the initial compositions. In the present work the compositions will be denoted as the initial ones for convenience's sake, although the measured concentrations are as presented in table 1. Elemental compositional deviations for the present system have been previously reported [1, 29] .
X-ray diffraction
X-ray diffraction yields information about crystalline structure and crystalline size. (111), (220) and (311) o in the XRD spectra of Cd 1-x Zn x S nanoparticles except for ZnS. These are corresponding to the hexagonal phase (JPCD 01-0783, 77-2306 and 01-0783) in the XRD spectra, respectively. As it can be seen from the XRD spectra, the percentage of the hexagonal phase is insignificant compared with the cubical zinc blend structure and gradually decreases with the increase of Zn content.
The interplaner lattice spacings, d, were calculated from the peak position using Bragg's equation
where λ is the wavelength of the X-ray used. The change of d and 2θ for various diffraction planes with different Zn content for Cd 1-x Zn x S samples along with the corresponding values from the ICCD cards are listed in table 2. A Systematic decrease in d is observed as the content of Zn increases and the magnitude of 2 increases with the increase of Zn content in agreement with the reported results of ref. [31] . In case of the cubical zinc blend structure, the lattice constant, a, is calculated using the following expression:
The calculated lattice constants for ZnS and CdS are 0.541 nm and 0.583 nm, respectively. These are in agreement with previous reported data [20, 31] . Figure 3 shows a relation between the lattices constant and the Zn content, which is nearly linear relationship. This trend is consist-A. A. Abd et al. 4 ent with Vegard's law, revealing a homogenous alloy structure [12] . The gradual decrease in the cell constant with increasing Zn content suggests that the increase in the concentration of Zn might introduce a strain in the samples that leads to decrease in the volume of the lattice and consequently decrease in the lattice constant. The ionic radius of Zn 2+ (0.74 Å) is smaller than the ionic radius of Cd 2+ (0.97 Å) and thus Zn ions might be incorporated into the CdS lattice or entered its interstitial sites [11] .Debye-Scherrer formula [22] was applied to calculate the crystallite sizes of the investigated samples
Here D is the coherent length, β is the fullwidth at half-maximum (FWHM) of the peak in radians, and θ is the angle of diffraction. In single-crystal samples, crystallite size corresponds to particle size while in polycrystalline sample they differ [20] . In the case of spherical crystallites, the relation between D and the diameter of crystallite r, is given by [22] 
The corresponding crystallite sizes of nanoparticles obtained in this way are listed in table 2. This shows that the crystallite size decreases with increasing Zn content, in agreement with the previous work of ref.
[31].
High Resolution Transmission Electron Microscopy
Transmission electron microscopy is used to identify the morphology, the size and the crystallographic structure of nanoparticles. As shown in these figures all Cd 1-x Zn x S nanoparticles have the same morphology of nearly nanospheres (QDs). The selected area electron diffraction, SAED, (the inset) show set of rings with spots corresponding to diffraction from different planes of the nanoparticles. SAED pattern shows three rings, which correspond to (111), (220) and (311) lattice plane of cubic phase of CdS (Fig 4  (a) ). SAED patterns of the other four compositions show similar set of rings which supports the formation of cubic phase by showing (111), (220) and (311) fig. 4 (a) -8 (a) show that the size of nanoparticles of Cd 1-x Zn x S is decreasing with increasing Zn content except for ZnS. This is consistent with the XRD measurements. The mean particle sizes are estimated to be about 10±1, 9±0.7, 8.5±0.8, 7±0.5 and 9±1.1 nm for Cd 1-x Zn x S (x = 0, 0.2, 0.5, 0.7 and 1, respectively). These sizes are larger than the sizes derived from Debay-Scherrer formula. The unexpected large particle size for ZnS might be due to the agglomeration of fine particles that are noticed from 
Optical Properties
Figure 9 a-b shows the room temperature UV-vis absorption spectra of Cd 1-x Zn x S QDs with different Zn content (0 ≤ x ≤ 1) in the wavelength range from 300 to 700 nm. The spectra exhibit absorption edges at 485, 443, 425, 343 and 325 nm of Cd 1-x Zn x S nanoparticles (x= 0, 0.2, 0.5, 0.7, 1) respectively, which show blueshift systematically with the increasing of Zn content. The band gap energies of Cd 1-x Zn x S nanoparticles were determined by the following equation [32] αhυ = A(hυ-E g ) n where α is the absorption coefficient, E g is the absorption band gap energy, A is a constant and n is a parameter depends on the type of transition, n may have values 1/2, 2, 3/2 and 3 corresponding to allowed direct, allowed indirect, forbidden direct and forbidden indirect transitions respectively. The dependence of (αhυ) 1/n on the photon energy hυ was plotted for different values of n. The best fit was found to be with n= ½. This is STRUCTURAL AND OPTICAL PROPERTIES OF CD1-XZNXS ALLOY QUANTUM DOTS 5 a characteristic behavior of direct allowed transition. Figure 10 shows the graphs of (αhυ) m is the effective mass of hole, e is the charge of an electron, ε is the dielectric constant of the material and ε o is the vacuum permittivity constant. The second term is the quantum confinement of electron and hole which lead to the blue shift, while the third term is the coulomb interaction energy between the hole and the electron. The crystallite sizes for Cd 1-x Zn x S were calculated using Bruse formulation. The electronic parameters used for ZnS are: Figure 12 illustrated the particle sizes estimated from optical band shift with Zn content. As it can be noticed from this figure, the particle sizes decrease with the increase of Zn content in agreement with XRD and HRTEM results.
Thermal annealig effect on Cd 1-x Zn x S nanoparticles
X-Ray Diffraction analysis
The investigated Cd 1-x Zn x S nanoparticles were subjected to annealing at temperatures of 200, 250, 300, 350 and 400 o C for 2 hours and then allowed to cool to room temperature in the oven. The XRD patterns of the annealed comnpositions of Cd 1-x Zn x S (0≤x≤1) are presented in figures 13-17, respectively. It is apparent that, almost no change in the diffraction peak positions with increasing annealing temperatures of all samples. The overview of the XRD patterns of all samples showed that the annealing compositions have the same structure as the as prepared samples, whereas the annealed ZnS sample revealed additional three low intensity peaks. These peaks are observed around 32.9 o , 69.5 o and 76.8 o which were indexed to (200), (400) and (331) lattice planes of cubical zinc blend structure (ICCD 05-0566). As it is seen from Figs. 13-17 the percentage of the hexagonal phase decreases as the Zn content increases. Also, tendency for phase transformation, from cubic to hexagonal, upon annealing is clearly observed for all the investigated composition except for ZnS. The intensities of the peaks in the XRD spectra of all samples were found to be enhanced with the increase of the annealing temperatures. Table 2 * r represents the nanoparticle size. Table 2 * r represents the nanoparticle size.
Table 3
Sample Table 2 * r represents the nanoparticle size.
Sample et al. 12 16
Figure 22
Figure 23 2 against hυ for ZnS nanoparticle at at different annealing temperatures Figure 26 The variation of E g and the particle size at different annealing temperatures of CdS Figure 27 The variation of E g and the particle size at different annealing temperatures of Cd 0.8 Zn 0.2 S Figure 28 The variation of E g and the particle size at different annealing temperatures of Cd 0.5 Zn 0.5 S Figure 29 The variation of E g and the particle size at different annealing temperatures of ZnS This indicates that the crystallinity of the studied samples improved after annealing. The particle sizes were derived from Debay-Scherrer formula [22] . It was found that the particle size increases with increasing the annealing temperature. The increased particle sizes after annealing could be due to improving crystallinity as a result of heat treatment. The increase in particle size after annealing might affect the sizes of the band gaps of the investigated samples. Therefore, it was instructive to look at the size of band gap upon annealing.
Optical properties of the annealed samples
Figures 18 -21 show the Uv-visible absorption spectra of Cd 1-x Zn x S nanoparticles at different annealing temperatures in the range 290-700 nm. The spectra exhibit absorption edges which show a red-shift with the increase of annealing temperatures. Figures 22-25 show graphs of (αhυ) 2 against hυ for Cd 1-x Zn x S nanocrystals with different Zn content at different annealing temperatures. The estimated band gap energies, from these graphs, showed decrease with increasing annealing temperature. The variation of Eg and particle size, estimated from XRD studies, at different annealing temperatures for all studied samples are illustrated in figures 26-29. The decreased band gap after annealing could be caused by the increase of particle size upon annealing. It was noticed that the decreased percentage in Eg is about 2 -5%, whereas the corresponding increased percentage in particle size, estimated from XRD, upon annealing was about 25 -74%. This indicates that the extent at which particle size changes with annealing is much higher than the corresponding change in Eg.
CONCLUSION
Cd 1-x Zn x S quantum dots have been prepared by coprecipitation method using CTAB as a capaping agent. XRD investigations revealed that the as-synthesized samples are polycrystalline having a mixture of cubic and hexagonal phases. The hexagonal phase has a very small percentage and decreased till it goes to zero as x increased from 0 to1. The lattice constant decreased with the increase of Zn content. This provided evidence for the formation of a homogeneous alloy structure. Also, the particle size decreased with increasing Zn content. HRTEM showed the presence of quantum dots and confirmed the XRD results. UV-vis absorption studies showed a blue shift in the optical band edges relative to the corresponding bulk materials as an indicadtion to quantum confinement effect. The band gap energy increased gradually with the increase of Zn content. The particle size, estimated from Brus equation, showed a decrease with the increase of Zn content which is consistent with the trend observed in the XRD and HRTEM results. Studies of XRD under different annealing temperature showed that the annealed compositions have the same structure as the as-synthesized samples. The annealed ZnS revealed additional three low intensity peaks which were indexed to (200), (400) and (331) of cubical zinc blend structure. The percentage of the hexagonal phase decreased as the Zn content increased. Tendency for phase transformation from cubic to hexagonal upon annealing was also, observed. In addition, the XRD studies revealed an improvement in the crystallinity of the material after heat treatment. The particle size increased with the increase of the annealing temperature. UV-vis absorption investigations showed red shift in the optical band edge relative to the as-synthesized samples with annealing. The optical band gap decreased after annealing which might have been due to an increase in the particle size upon annealing. Thus, the optical properties of Cd 1-x Zn x S nanomaterials can be tuned as required by thermally annealing it or varying the relative ratio of Cd and Zn for specific practical application.
